Avian reovirus σA-modulated suppression of lactate dehydrogenase and upregulation of glutaminolysis and the mTOC1/eIF4E/HIF-1α pathway to enhance glycolysis and the TCA cycle for virus replication.
Adenosine triphosphate (ATP) is an energy source for many types of viruses for facilitating virus replication. This is the first report to demonstrate that the structural protein σA of avian reovirus (ARV) functions as an activator of cellular energy. Three cellular factors, isocitrate dehydrogenase 3 subunit beta (IDH3B), lactate dehydrogenase A (LDHA), and vacuolar-type H+-ATPase (vATPase) co-immunoprecipitated with ARV σA and were identified by 2D-LC/MS/MS. ARV enhances glycolytic flux through upregulation of glycolytic enzymes. Increased ATP levels in both ARV-infected and σA-transfected cells were observed by a fluorescence resonance energy transfer-based genetically encoded indicator, Ateams. Furthermore, σA upregulates IDH3B and glutamate dehydrogenase (GDH) to promote glutaminolysis, activating HIF-1α. Both HIF-1α level and viral yield in IDH3B-depleted and glutamine-deprived cells, and inhibition of glutaminolysis was significantly reduced. The σAR155/273A mutant loses its ability to enter the nucleolus, impairing its ability to regulate glycolysis. In addition, we have identified the conserved untranslated regions (UTR) of the 5'- and 3'-termini of the ARV genome segments that are required for viral protein synthesis in an ATP-dependent manner. Deletion of either the 5'- or 3'-UTR impaired viral protein synthesis. Knockdown of σA reduced the ATP level and significantly decreased virus yield, suggesting that σA enhances ATP formation to promote virus replication. Collectively, this study provides novel insights into σA-modulated suppression of LDHA and activation of IDH3B and GDH to activate the mTORC1/eIF4E/HIF-1α pathways to upregulate glycolysis and the TCA cycle for virus replication.